Measurements are reported which show that the room-temperature nematic MBBA can be deformed by means of curvature electricity if it is contained in a thin sandwich cell with the electric field parallel and the unique axis normal to the bounding walls. Meyer's coefficient E33 was determined to be 4-10 -5 dyne 1/2 at room temperature; and its sign was found to be positive.
I. Introduction
It has recently been pointed out 1 that the bending mode of curvature electricity (-= piezoelectricity) 2 of nematic liquid crystals may be observable in a very simple way. An experiment of the considered kind had been reported by HAAS et al. 3 who, however, did not interpret it. In the following, we describe similar measurements which are more complete and appear to prove that curvature electricity is, indeed, the acting mechanism.
The liquid crystal used in the earlier and present experiments was the room-temperature nematic MBBA (p'-methoxybenzylidene-p^-butylaniline). It was sandwiched between two parallel glass plates, the orientation being normal to the glass in the fieldless state. The curvature-electric effect in question consists in a slight bending of the orientation lines in an electric field E parallel to the glass. With <p{x) being the angle by which the alignment is tilted into the field direction and x the coordinate normal to the glass, one has *> 2 d^/dr = e33 E/K33
where e33 is the curvature-electric coefficient and K3S the elastic modulus, both for bend. Positive dcp/dx means that field and induced bend relate to each other like arrow and bow. It is assumed here that the aligning force of the walls is weak enough not to influence dq>/dx. We also expect [99) to be equal on both bounding walls, thus being zero in the middle.
The refractive index n for light of normal incidence travelling through the sandwich cell and polarized parallel to the field depends on the angle (p.
It is given by = / -=-sin 2 cp+ cos 2 cp n \ nenowhere n0 and ne are the "ordinary" and "extraordi- This conforms with curvature electricity and indicates that the rigidity of wall alignment was ne- we saw was not due to electrohydrodynamic realignment. Vortical flow was visible at elevated voltages, but all our data were taken below its apparent threshold. Theoretical arguments against vortical flow are the small voltages (2 V) down to which the measurements could be made, and the absence of a threshold for the birefringence.
III. Determination of the Sign
With a slightly different set-up, we have done additional experiments in order to determine the sign of e33 . We started from the notion that the curvature-electric bend should induce a weak electrohydrodynamic flow in a sufficiently conductive liquid crystal if the electrodes do not act as mechanical barriers. Accordingly, we used evaporated tin oxide strips of negligible thickness as electrodes.
Mylar strips served as spacers; they were perpendicular to the electrodes and covered their ends.
The field in the sample layer was limited to the area between the electrodes, as borne out by the electrooptic measurements. The layer extended farther and formed meniscuses at either end between the spacers. It was checked that the field-induced birefringence was the same, within experimental error, as with mechanically blocking electrodes.
The space charge density Q associated with the curvature is given by 8 
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4 OX \ £|| O|| / cur where £ and o are the dielectric constant and the conductivity, taken either parallel or perpendicular to the nematic axis. The average velocity V of a liquid-crystalline layer in a uniform field E is easily deduced to be where is a viscosity coefficient 8 . Insertion of (1) in (3) and (3) in (4) yields the final formula for V.
We note that V has no voltage threshold and is proportional to E 3 . Obviously, the flow changes sign with the applied voltage, being parallel to the field for e33 < 0 and opposite for e33 > 0.
We compute the velocity, taking known data 7 
IV. Discussion
Our result for I e33/K33 [ is nearly an order of magnitude smaller than the value calculated 1 from the work of HAAS et al. 2 . e33 happens to equal the typical figure estimated on the basis of a molecular theory of curvature electricity 10 . A positive sign of e33 would also agree with theoretical expectations, as may be seen from the structure of the MBBA molecule which is shown in Figure 3 . The molecule can be calculated from these ionic conductivities.
